We investigate how the sleep disruptions and irregular physical activity levels that are prominent features of bipolar disorder (BD) relate to white matter microstructure in patients and controls. Diffusion tension imaging (DTI) and 14-day actigraphy recordings were obtained in 51 BD I patients and 55 age-and-gender-matched healthy controls. Tract-based spatial statistics (TBSS) was used for voxelwise analysis of the association between fractional anisotropy (FA) and sleep and activity characteristics in the overall sample. Next, we investigated whether the relation between sleep and activity and DTI measures differed for patients and controls. Physical activity was related to increased integrity of white matter microstructure regardless of bipolar diagnosis. The relationship between sleep and white matter microstructure was more equivocal; we found an expected association between higher FA and effective sleep in controls but opposite patterns in bipolar patients. Confounding factors such as antipsychotic medication use are a likely explanation for these contrasting findings and highlight the need for further study of medication-related effects on white matter integrity.
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Background
Bipolar disorder is a severe and recurrent psychiatric disorder, characterized by alternating depressive and manic mood episodes (Belmaker, 2004) . Although the etiology of bipolar disorder remains poorly understood, there is an extensive body of evidence suggesting that brain abnormalities are a core feature of the disorder. Previously, structural imaging studies found marked anatomical differences in grey matter volume between patients and healthy controls (Hallahan et al., 2011; Hibar et al., 2016) . Moreover, volumes of several areas (i.e. amygdala, globus pallidus) were associated with polygenic risk scores for bipolar disorder and are affected in first-degree relatives (Caseras et al., 2015; Sandoval et al., 2014) . In addition to volumetric measures, diffusion tensor imaging (DTI) studies have shown that bipolar disorder is also characterized by changes in white matter microstructure (Mahon et al., 2010) . DTI quantifies the integrity and coherence of white matter tracts by measuring the diffusion of water parallel and perpendicular along white matter fibre tracts. Water diffuses more easily along white matter tracts than perpendicular to them. This directional dependence is usually quantified with fractional anisotropy (FA), a scalar variable which ranges from 0 to 1, in which higher values indicate a higher directional dependence of diffusion. More organized and myelinated axon will cause water molecules to diffuse in a particular direction rather than randomly in all directions. Therefore, FA is thought to reflect integrity of white matter with lower FA values pointing to sparse, poorly myelinated, or divergent fibers (Beaulieu, 2002) . A voxel-based meta-analysis of 18 DTI studies found that bipolar patients have lower FA in the genu of the corpus callosum and left cingulum white matter, suggesting poor integrity of white matter (Wise et al., 2016) . This finding has also been established in antipsychotic and mood-stabilizer naïve patients (Yip et al., 2013) .
In addition to these brain changes, disturbances in sleep patterns are considered as core symptoms of bipolar mood episodes (American Psychiatric Association, 2013) . The majority of patients experience a reduced need for sleep during manic phases of the disorder, and hypersomnia or insomnia during depressive episodes (Harvey, 2008) . Sleep has several properties which are crucial for normal brain functioning and integrity (Diekelmann and Born, 2010; Kang et al., 2009; Ooms et al., 2014; Tononi and Cirelli, 2006; Wang et al., 2011; Xie et al., 2013) . In clinical studies of sleep disorders several
